Abstract
INTRODUCTION
A major goal in the treatment of rheumatoid arthritis (RA) is to prevent joint damage progression and thus prevent long-term disability. 1 At the group level, initial combination therapies including either prednisone or a tumour necrosis factor (TNF) inhibiting agent are more effective in achieving that goal than initial disease-modifying antirheumatic drug (DMARD) monotherapy. [2] [3] [4] [5] Several predictive factors for radiographic progression have previously been reported to help identify the patients at risk of a more severe disease course who might benefit from such therapies. [6] [7] [8] [9] However, in clinical practice it is still difficult to translate this evidence into treatment choices for individual patients with recently diagnosed RA. This is probably due to the fear of toxicity of DMARD plus prednisone combinations and the cost of TNF-blocking therapies. 10 Furthermore, most existing algorithms assessing the risk for joint damage progression have not included treatment, yet treatment is one of the most important determinants of radiographic outcome. [11] [12] [13] [14] A recent model which did include treatment was based on a static treatment study not reflecting the dynamics of clinical practice, where treatment is adjusted if the initial therapy fails to achieve low disease activity. 15 We therefore set out to develop a matrix risk model for the prediction of rapid radiographic progression (RRP) based on a cohort of patients with recent-onset RA who were dynamically treated aimed at a low disease activity (disease activity score (DAS) 2.4). 3 We identified baseline predictors for RRP in subsets of patients treated according to various treatment strategies which could help physicians in making their initial treatment choice.
METHODS

Patients and treatment
Data from patients with recent-onset RA randomized to four different treatment strategies were used. 3 All patients were DMARD-naive and fulfilled the 1987 American College of Rheumatology criteria for RA. 16 In groups 1 (n=126) and 2 (n=121), patients started with initial methotrexate monotherapy which could be switched to or extended with other DMARDs. In group 3 (n=133), patients started with a combination of methotrexate, sulfasalazine, hydroxychloroquine and a tapered high-dose prednisone. In group 4 (n=128), patients started with a combination of methotrexate and infliximab. Every 3 months the treatment was adjusted according to a fixed protocol, aiming at a DAS 2.4. 17 Groups 1 and 2 were combined for the current analyses.
Statistical analysis
As outcome, RRP was defined as an increase in the Sharp-van der Heijde score (SHS) of 5 after 1 year, corresponding to the smallest detectable change and expert opinion on clinically relevant progression. 18 19 Baseline characteristics were compared between patients with and without RRP per treatment group using univariate logistic regression analysis. In a multivariate analysis with backward selection including the variable treatment group, significant independent predictors for RRP were identified using a p-value of >0.10 as removal criterion. Possible interactions with treatment were explored. More information on the baseline and outcome variables is available in the online supplement.
Matrix construction
To construct the matrix, the final regression model was fitted with all variables categorised, based on clinically relevant cut-offs and tertiles. The predicted risk of RRP was calculated for all possible risk factor combinations and presented in visual matrices for each treatment group. In addition, for the initial combination therapies compared with initial monotherapy, the risk differences were converted into numbers needed to treat (NNTs) and likewise presented in a matrix.
Discriminative/predictive ability and internal validation
The area under the receiver operating characteristics (ROC) curve was calculated (area under the curve (AUC)) and the positive and negative predictive values (PPV, NPV) of the model were explored. The predicted risk for the monotherapy group was compared with the observed radiographic progression after 5 years of continued DAS-guided treatment. Additional information can be found in the online supplement. SPSS Version 16.0 software (SPSS, Chicago, Illinois, USA) was used for all analyses.
RESULTS
The baseline characteristics of 465 of 508 patients (92%) for whom radiographs were available are shown in table S1 in the online supplement.
Univariate analysis RRP was observed in 75/224 patients (33%) in the initial monotherapy group, in 16/120 patients (13%) in the initial combination with prednisone group and in 11/121 patients (9%) in the initial combination with infliximab group. Significant univariate predictors of RRP in all three treatment groups were C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), SHS and the erosion score at baseline (see table S2 in the online supplement). The presence of rheumatoid factor (RF) and anti-citrullinated protein antibodies (ACPA) were only significant univariate predictors in the monotherapy group.
Multivariate and fitted logistic regression analysis
In addition to the univariate predictors, age, gender, body mass index, symptom duration, swollen joint count, DAS, health assessment questionnaire and treatment group were also entered into the multivariate analysis. Because of colinearity, a merged variable including both RF and ACPA status was constructed and the erosion score, which is easier to perform, was included instead of the total SHS. Independent significant predictors for RRP were the baseline erosion score, RF/ACPA, CRP and treatment group. 
Matrix models
The matrices show the percentage predicted risk of RRP after 1 year of dynamic treatment with initial monotherapy or initial combination therapy for patients with specific risk profiles, indicated by the coloured boxes in figure 1 . Matrices including ESR instead of CRP had comparable results (data not shown). The matrices of the initial combination therapy groups showed an overall reduced risk compared with the initial monotherapy matrix, especially in patients with an unfavourable risk profile. For example, the upper right box in figure 1A -C shows that, for a patient who is RF and ACPA positive and has a high CRP level and already has erosions at baseline, the predicted risk for RRP is 78% with initial monotherapy which is reduced to 42% or 34% with initial combination therapy including prednisone or infliximab, respectively.
NNT matrix
The risk reduction associated with treatment choice can be demonstrated more clearly by calculating the corresponding NNT with initial combination therapy to prevent one patient from RRP. For the example given above, the NNT is 1/(78-42)x100=2.8 (95% CI 2 to 5) patients for the combination with prednisone and 1/(78-34x100=2.3 (95% CI 2 to 4) patients for the combination with infliximab. Figure 2 shows that the NNTs are low for patients with bad prognostic factors, indicating that the risk of RRP for these patients can be largely reduced with initial combination therapy. The NNT is 2-3 for patients with a high risk ( 50%) for RRP, 3-7 for patients with an intermediate risk (20-50%) and 7-25 for patients with a low predicted risk (<20%).
Discriminative/predictive ability and internal validation
An extended description of the following results can be found in the online supplement. For the model including CRP and ESR, the AUCs of the ROC curves were 0.81 (95% CI 0.77 to 0.86) and 0.80 (95% CI 0.75 to 0.85), respectively, indicating a reasonable discriminative ability (see figure S1 in online supplement). The model reliably classified 52% of the patients with a PPV of 62% and NPV of 91% (see table S3 in online supplement). The validity of the prediction after 5 years of continued DAS-steered treatment is shown in figure S2 in the online supplement.
DISCUSSION
To help rheumatologists decide how to start treatment in patients with recently diagnosed RA, we developed a matrix model from which the risk for RRP in patients with specific combinations of risk factors, if treated with different treatment strategies, can be assessed with a limited number of easily accessible clinical variables. In addition, the matrix gives insight into the risks of initial overtreatment by showing NNTs. The current matrix is based on a dynamic treatment cohort where 3-monthly treatment adjustments were aimed at achieving and maintaining a DAS 2.4, closely resembling clinical practice. Our results showed that, in a tight control setting with frequent treatment adjustments, previously reported predictive variables such as the baseline erosion score, CRP, ESR, RF and ACPA still predict RRP after 1 year. 7 8 11 14 20 It is also clear that the initial treatment choice is a main determinant of RRP and therefore should be included in a useful prediction model. Our matrix confirms that, with initial combination therapy with infliximab or prednisone, the risk of RRP is markedly reduced in comparison with initial monotherapy, especially in patients with an unfavourable risk profile. 21 This observation carries even more weight considering that, in the dynamic treatment design, patients on initial monotherapy could receive more intensive treatment within a relatively short time period. 3 Moreover, initial combination therapy could be tapered and stopped in approximately 50% of the patients once a low disease activity was achieved. 22 In this respect, the NNT allows consideration of whether to prevent RRP in one patient; initial temporary overtreatment in others is acceptable. External validation in other dynamic treatment cohorts will be needed to increase the generalizability of the results. The general RA population probably represents a group of patients with a better prognosis and a lower prevalence of RRP than those included in the BeSt study. 23 Consequently, and because the matrix is better at predicting who will not have RRP, the NPV will be even higher in the general population of patients with recent-onset RA.
In conclusion, our matrix model offers the possibility of assessing the risk of RRP for each patient with a specific combination of risk factors. It requires only a few easily accessible variables, includes relevant initial treatment options, it has been developed in a cohort resembling the dynamics of daily practice and is visually attractive and easy to use. It could therefore be a useful tool to help rheumatologists choose the optimal initial treatment for their patients with recently diagnosed RA.
